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Single-Frame based Deep View Synchronization for
Unsynchronized Multi-Camera Surveillance
Qi Zhang, Student Member, IEEE, and Antoni B. Chan, Senior Member, IEEE
Abstract—Multi-camera surveillance has been an active re-
search topic for understanding and modeling scenes. Compared
to a single camera, multi-cameras provide larger field-of-view
and more object cues, and the related applications are multi-
view counting, multi-view tracking, 3D pose estimation or 3D
reconstruction, etc. It is usually assumed that the cameras are all
temporally synchronized when designing models for these multi-
camera based tasks. However, this assumption is not always valid,
especially for multi-camera systems with network transmission
delay and low frame-rates due to limited network bandwidth,
resulting in desynchronization of the captured frames across
cameras. To handle the issue of unsynchronized multi-cameras,
in this paper, we propose a synchronization model that works in
conjunction with existing DNN-based multi-view models, thus
avoiding the redesign of the whole model. Under the low-
fps regime, we assume that only a single relevant frame is
available from each view, and synchronization is achieved by
matching together image contents guided by epipolar geometry.
We consider two variants of the model, based on where in the
pipeline the synchronization occurs, scene-level synchronization
and camera-level synchronization. The view synchronization step
and the task-specific view fusion and prediction step are unified
in the same framework and trained in an end-to-end fashion. Our
view synchronization models are applied to different DNNs-based
multi-camera vision tasks under the unsynchronized setting,
including multi-view counting and 3D pose estimation, and
achieve good performance compared to baselines.
I. INTRODUCTION
Compared to single cameras, multi-camera networks allow
better understanding and modeling of the 3D world through
more densely sampling of information in a 3D scene [1].
Multi-camera based vision tasks have been a popular research
field, especially deep learning related tasks, such as 3D pose
estimation from multiple 2D observations [2], 3D reconstruc-
tion [3], [4], multi-view tracking [5], [6] and multi-view crowd
counting [7]. For these multi-view tasks, it is usually assumed
that the multi-cameras are temporally synchronized when
designing DNNs models, i.e., all cameras capture images at
the same time point. However, the synchronization assumption
for multi-camera systems may not always be valid in practical
applications due to a variety of reasons, such as dropped
camera frames due to limited network bandwidth or system
resources, network transmission delays, etc. Other examples
of situations where camera synchronization is not possible
include: 1) using images captured from different camera
systems; 2) using images from social media to reconstruct
Qi Zhang and Antoni B. Chan are with the Department of Computer
Science, City University of Hong Kong, Tat Chee 83, Hong Kong SAR, China.
E-mail: qzhang364-c@my.cityu.edu.hk, abchan@cityu.edu.hk
Manuscript received xxx; revised August xxx.
View i
Feature extractionView 0 Scene-level representation
Scene-level 
predictionScene-level synchronization
projection
View i
Feature extractionView 0 Scene-level representation
Scene-level 
predictionCamera-view synchronization
projection
P
<latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit>It00
<latexit sha1_base64="rKTFTAd81kTnC9gb6ZCffmV9Qoc=">AAARgXiclZhtb9s2EIDVdi9d9hZvH/e FmBGgAQrDToZtwL40aY0liNNlS5s3y8koibKJiJInUUocRb9iX7cftn+zo0TFFk9FNwO2yXvujuTdkSLkzAOeyH7/n0ePn3zw4UcfP/1k7dPPPv/iy/XOVydJlMYue+tGQRSfOTRhAQ/ZW8llwM7mMaPCCdipc/1S8dOMx QmPwjdyMWcTQach97lLJYjO9y9zedUvrvpX691+r19+CG4MdKNr6c/RVWfdsb3ITQULpRvQJBkP+nM5yWksuRuwYs1OEzan7jWdsjE0QypYMsnLGRdkAyQe8aMYvqEkpXTVIqciSRbCAU1B5SwxmRK2sXEq/R8nOQ/nqW ShWw3kpwGREVHLJx6PmSuDBTSoG3OYK3FnNKauhCCtrdkhu1Ezym3HiWjsFblIHDHok8SlAfNsiF4i2XxGAx9W6DHfhmAHuS2c6La2Ib8VmsEKYIYGPa5p2R0adNig+wbdb9ALg17UdCpSQKnuHaleACXh0WJtbYOIBXHT REaCAOUhV4WQkF6vR1gGyUxpAOGB+BE5YwkjPITYUaJCHEtGErkIGPF5wMACvNF4KnhIaOiVTXpbxtCNYOWhl9sVLnJiq1xF87z8j0WuQUEKbEBv32EAQBlsEHY7hzRCCWU0SFnTw/CkyHVwC5MkxXgwqakdMF+OuwM75 tOZnCi/B6PnZAjfndFO0/RgVDzMBNqFSefFeGuyqlE6fwbO1b99392qRulVf5vmzFbcD5H7oeF++H/dw3KW/lUH8+YISue9Q2wQCRvHiL6MlyNBW2l5DDYXJJuGsqkLwKFxlRI1yH2di3tlFkaxaOoryVLbflC3S/3XQGn QtKhk5dJyG7Ywef2wrOf1gsxgVTZZMd7GRrbgnhcwCMbz7vZKIHaZpE0vSvJKD1yFg+y2jg3WnHtN44QLkBVl4wp+4aSaS/1b7j9F1bhulNGY09DMAsiXaVAdY42J9JZcdQwuGA2XCmXP1HD8KhVKx/Hz7sDUgBN2uvRR 9kwNQ6VNJ3KSQqfhF5PNPa+qWh/qELrq2QN6MJWVzhayKs22TbPLLdOQLNvbphP5MLZ83+BNQ643WlnBAQ2nkE0oiHK4qpjjUmjaQZ6XkVIdY0J+EEX1VirbKiN2XImN1EUeW0mu6qky3CAzwAvYd7K8HDSNYuazP8JygG eqo9xvmpNUDXiEVKcs1KeCAQuncgbDLW6QJDNmxqAaWG/aMx8KHObLe0zJzRNkGjO1GBYmaczUkvJL2+Wxa8Yno0VZtDlFxNHEQYRpwhC51eQWEV8TH5GpJqjGs4UmC0RuNLlB5FqTa0TuNLlDRGgiEJGaSEQSTRJEUk1 SRDJN0LmTRWEdU3ReZHcsjjTs4/QFcOsqH+yBp26GEdy6KhkKM4WWoVnJ0KJncEgbmpUMFQLSa9NysJrTpqcvY01NLUQpSw09gcN9zKdoxZXM1JxzQw0Ehs7PKlT+8nyoBOj439GZQncJsavJLiIvNXmJyCtNXiEy1GSIy JkmZ4icanKKyIkmJ4gcaHKAyLkm54gca3KMyJ4me4gcaXKEyL4m+4gcanKIyEgTdGUU/7kmxKitGket1SjetOyYN207RtZ7S/LAY+/YVrKh0qaQNTSyNpWLB36BWLl5tDHeNzLRMdIaSVt4ZLbqJGvxUp63NUdnrnzIRD 2P1izAQ5ere07IpgRtSbj8XNSXILRIEO7VEJUbCGc1nLXA8xqi4gbhaQ3RPgLhqIao9EB4WENUsSDcqaE6OozneXVzuMzhjrwJ9Gq9OzDfQeDGyVZv0O8Nfv2u++J73/9dvZ94an1jfWs9swbWD9YLa886st5ariWsP62/ rL87TzqbnX5nq3qV8fiRfqfxtdX4dH76F0jfqOM=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit>
Itii
<latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit>
It00
<latexit sha1_base64="rKTFTAd81kTnC9gb6ZCffmV9Qoc=">AAARgXiclZhtb9s2EIDVdi9d9hZvH/e FmBGgAQrDToZtwL40aY0liNNlS5s3y8koibKJiJInUUocRb9iX7cftn+zo0TFFk9FNwO2yXvujuTdkSLkzAOeyH7/n0ePn3zw4UcfP/1k7dPPPv/iy/XOVydJlMYue+tGQRSfOTRhAQ/ZW8llwM7mMaPCCdipc/1S8dOMx QmPwjdyMWcTQach97lLJYjO9y9zedUvrvpX691+r19+CG4MdKNr6c/RVWfdsb3ITQULpRvQJBkP+nM5yWksuRuwYs1OEzan7jWdsjE0QypYMsnLGRdkAyQe8aMYvqEkpXTVIqciSRbCAU1B5SwxmRK2sXEq/R8nOQ/nqW ShWw3kpwGREVHLJx6PmSuDBTSoG3OYK3FnNKauhCCtrdkhu1Ezym3HiWjsFblIHDHok8SlAfNsiF4i2XxGAx9W6DHfhmAHuS2c6La2Ib8VmsEKYIYGPa5p2R0adNig+wbdb9ALg17UdCpSQKnuHaleACXh0WJtbYOIBXHT REaCAOUhV4WQkF6vR1gGyUxpAOGB+BE5YwkjPITYUaJCHEtGErkIGPF5wMACvNF4KnhIaOiVTXpbxtCNYOWhl9sVLnJiq1xF87z8j0WuQUEKbEBv32EAQBlsEHY7hzRCCWU0SFnTw/CkyHVwC5MkxXgwqakdMF+OuwM75 tOZnCi/B6PnZAjfndFO0/RgVDzMBNqFSefFeGuyqlE6fwbO1b99392qRulVf5vmzFbcD5H7oeF++H/dw3KW/lUH8+YISue9Q2wQCRvHiL6MlyNBW2l5DDYXJJuGsqkLwKFxlRI1yH2di3tlFkaxaOoryVLbflC3S/3XQGn QtKhk5dJyG7Ywef2wrOf1gsxgVTZZMd7GRrbgnhcwCMbz7vZKIHaZpE0vSvJKD1yFg+y2jg3WnHtN44QLkBVl4wp+4aSaS/1b7j9F1bhulNGY09DMAsiXaVAdY42J9JZcdQwuGA2XCmXP1HD8KhVKx/Hz7sDUgBN2uvRR 9kwNQ6VNJ3KSQqfhF5PNPa+qWh/qELrq2QN6MJWVzhayKs22TbPLLdOQLNvbphP5MLZ83+BNQ643WlnBAQ2nkE0oiHK4qpjjUmjaQZ6XkVIdY0J+EEX1VirbKiN2XImN1EUeW0mu6qky3CAzwAvYd7K8HDSNYuazP8JygG eqo9xvmpNUDXiEVKcs1KeCAQuncgbDLW6QJDNmxqAaWG/aMx8KHObLe0zJzRNkGjO1GBYmaczUkvJL2+Wxa8Yno0VZtDlFxNHEQYRpwhC51eQWEV8TH5GpJqjGs4UmC0RuNLlB5FqTa0TuNLlDRGgiEJGaSEQSTRJEUk1 SRDJN0LmTRWEdU3ReZHcsjjTs4/QFcOsqH+yBp26GEdy6KhkKM4WWoVnJ0KJncEgbmpUMFQLSa9NysJrTpqcvY01NLUQpSw09gcN9zKdoxZXM1JxzQw0Ehs7PKlT+8nyoBOj439GZQncJsavJLiIvNXmJyCtNXiEy1GSIy JkmZ4icanKKyIkmJ4gcaHKAyLkm54gca3KMyJ4me4gcaXKEyL4m+4gcanKIyEgTdGUU/7kmxKitGket1SjetOyYN207RtZ7S/LAY+/YVrKh0qaQNTSyNpWLB36BWLl5tDHeNzLRMdIaSVt4ZLbqJGvxUp63NUdnrnzIRD 2P1izAQ5ere07IpgRtSbj8XNSXILRIEO7VEJUbCGc1nLXA8xqi4gbhaQ3RPgLhqIao9EB4WENUsSDcqaE6OozneXVzuMzhjrwJ9Gq9OzDfQeDGyVZv0O8Nfv2u++J73/9dvZ94an1jfWs9swbWD9YLa886st5ariWsP62/ rL87TzqbnX5nq3qV8fiRfqfxtdX4dH76F0jfqOM=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit><latexit sha1_base64="tadtuBQDlOmuPuSV0/5iRTR0fjE=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8KeT0sr4fXm/3hYFg9BDdGutG39HN83dt0bC92M8Ei6YY0Taej4ULOCppI7oas3LCzlC2oe0MDNoVmRAVLZ0U145JsgcQjfpzAJ5Kkkq5bFFSk6VI4oCmonKcmU8IuNs2k/9Os4NEiky xy64H8LCQyJmr5xOMJc2W4hAZ1Ew5zJe6cJtSVEKSNDTtit2pGhe04MU28shCpI0ZDkro0ZJ4N0UslW8xp6MMKPebbEOywsIUT3zU25PdSM1gBzNCgJw2tumODjlv00KCHLXpp0MuGBiIDlOneseqFUBIeLTc2tohYEjdL ZSwIUB5xVQgpGQwGhOWQzIyGEB6IH5FzljLCI4gdJSrEiWQklcuQEZ+HDCzAG00CwSNCI69q0rsqhm4MK4+8wq5xWRBb5SpeFNVvIgoNSlJiA3r3DgMAymCLsLsFpBFKKKdhxtoexqdloYNbmiQtp6NZQ+2Q+XLaH9kJD +ZypvweTZ6QMXz2Jntt06NJeT8TaJcmXZTTndm6RuX8MThXv/bb/k49yqD+2TZntuZ+jNyPDffj/+selrPyrzqYt0dQOu8dYotI2DhG9GWyGgnaSstjsLkg2TSSbV0ADk3qlKhB3ja5eKvMojgRbX0lWWnb9+p2pf8SKA3 bFrWsWlphwxYmL++X9aRZkBms2iYvp7vYyBbc80IGwXjS310LxD6TtO1FSZ7rgetwkP3OscGac69tnHIBsrJqXMM3nFQLqb+r/aeoGteNc5pwGplZAPkqDapjrDGV3oqrjsEFo9FKoeqZGo5fp0LpOH7RH5kacMIGKx9V z9QwVLp0YictdRp+NdnC8+qq9aEOoavePaAHU1nr7CCrymzXNLvaMQ3Jqr1rOpH3Y8v3Dd425HqjVRUc0iiAbEJBVMPVxZxUQtMO8ryKlOoYE/LDOG62UtVWGbGTWmykLvbYWnJVT5XhFpkDXsK+k9XloG2UMJ/9EVUDPF Yd5X7bnKRqwCukPmWhPhUMWRTIOQy3vEWS3JgZg2pgg2BgvhQ4zJcPmJKbJ0iQMLUYFqVZwtSSiivb5YlrxienZVW0BUXE0cRBhGnCELnT5A4RXxMfkUATVOP5UpMlIrea3CJyo8kNIm80eYOI0EQgIjWRiKSapIhkmmS I5JqgcyePoyam6LzI37Ak1nCI0xfCrat6sYeeuhnGcOuqZSjMFFqGZi1Di57DIW1o1jJUCEivS8vBak6Xnr6MtTW1EKUsM/QEDvcJD9CKa5mpueCGGggMnV9UqPzV+VAL0PG/pzOF7hJiX5N9RJ5p8gyR55o8R2SsyRiRc 03OETnT5AyRU01OETnS5AiRC00uEDnR5ASRA00OEDnW5BiRQ00OEXmhyQtEJpqgK6P4zzUhJl3VOOmsRvGqY8e86toxstlbkocee8e2ki2VLoW8pZF3qVze80vEqs2jjfG+kamOkdZIu8Ij83UneYeX6rxtODpz5X0mmn l0ZgFeulzdcyIWELQl4fJz2VyC0CJBeNBAVG4gnDdw3gEvGoiKG4RnDUT7CISTBqLSA+GLBqKKBeFeA9XRYbzP65vDVQF35G2g15v9kfkfBG6c7gxGw8Hot+/7T3/wq8d6ZH1rfWc9tkbWj9ZT68A6tl5briWsP62/rL97 D3vbvWFvp/4r44MH+j+Nb6zW0/v5X6Crqhs=</latexit>
Itii
<latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit><latexit sha1_base64="EyFz0xxl+vS61K87Ty7flPEnSKc=">AAARgXiclZhtb9s2EIDVdS9d9hZvH/e FmBGgAQrDToZtwL40aY0liNtlS5s3ywkoiZKJiJInUUpcVb9iX7cftn+zo0TFFk9FNwG2yXvujuTdkSLsLEKeyuHwnwcfPPzwo48/efTpxmeff/HlV5u9r0/TOEtc9tqNwzg5d2jKQh6x15LLkJ0vEkaFE7Iz5+aZ4mc5S 1IeR6/kcsFmggYR97lLJYguDq8Kec3La3692R8OhtVDcGOkG31LP8fXvU3H9mI3EyySbkjTdDoaLuSsoInkbsjKDTtL2YK6NzRgU2hGVLB0VlQzLskWSDzixwl8Ikkq6bpFQUWaLoUDmoLKeWoyJexi00z6P80KHi0yyS K3HsjPQiJjopZPPJ4wV4ZLaFA34TBX4s5pQl0JQdrYsCN2q2ZU2I4T08QrC5E6YjQkqUtD5tkQvVSyxZyGPqzQY74NwQ4LWzjxXWNDfi81gxXADA160tCqOzbouEUPDXrYopcGvWxoIDJAme4dq14IJeHRcmNji4glcbNU xoIA5RFXhZCSwWBAWA7JzGgI4YH4ETlnKSM8gthRokKcSEZSuQwZ8XnIwAK80SQQPCI08qomvati6Maw8sgr7BqXBbFVruJFUf0motCgJCU2oHfvMACgDLYIu1tAGqGEchpmrO1hfFoWOrilSdJyOpo11A6ZL6f9kZ3wY C5nyu/R5AkZw2dvstc2PZqU9zOBdmnSRTndma1rVM4fg3P1a7/t79SjDOqfbXNma+7HyP3YcD/+v+5hOSv/qoN5ewSl894htoiEjWNEXyarkaCttDwGmwuSTSPZ1gXg0KROiRrkbZOLt8osihPR1leSlbZ9r25X+i+B0rB tUcuqpRU2bGHy8n5ZT5oFmcGqbfJyuouNbME9L2QQjCf93bVA7DNJ216U5LkeuA4H2e8cG6w599rGKRcgK6vGNXzDSbWQ+rvaf4qqcd04pwmnkZkFkK/SoDrGGlPprbjqGFwwGq0Uqp6p4fh1KpSO4xf9kakBJ2yw8lH1 TA1DpUsndtJSp+FXky08r65aH+oQuurdA3owlbXODrKqzHZNs6sd05Cs2rumE3k/tnzf4G1DrjdaVcEhjQLIJhRENVxdzEklNO0gz6tIqY4xIT+M42YrVW2VETupxUbqYo+tJVf1VBlukTngJew7WV0O2kYJ89kfUTXAY9 VR7rfNSaoGvELqUxbqU8GQRYGcw3DLWyTJjZkxqAY2CAbmS4HDfPmAKbl5ggQJU4thUZolTC2puLJdnrhmfHJaVkVbUEQcTRxEmCYMkTtN7hDxNfERCTRBNZ4vNVkicqvJLSI3mtwg8kaTN4gITQQiUhOJSKpJikimSYZ Irgk6d/I4amKKzov8DUtiDYc4fSHcuqoXe+ipm2EMt65ahsJMoWVo1jK06Dkc0oZmLUOFgPS6tBys5nTp6ctYW1MLUcoyQ0/gcJ/wAK24lpmaC26ogcDQ+UWFyl+dD7UAHf97OlPoLiH2NdlH5JkmzxB5rslzRMaajBE51 +QckTNNzhA51eQUkSNNjhC50OQCkRNNThA50OQAkWNNjhE51OQQkReavEBkogm6Mor/XBNi0lWNk85qFK86dsyrrh0jm70leeixd2wr2VLpUshbGnmXyuU9v0Ss2jzaGO8bmeoYaY20KzwyX3eSd3ipztuGozNX3meimU dnFuCly9U9J2IBQVsSLj+XzSUILRKEBw1E5QbCeQPnHfCigai4QXjWQLSPQDhpICo9EL5oIKpYEO41UB0dxvu8vjlcFXBH3gZ6vdkfmf9B4MbpzmA0HIx++77/9Ae/eqxH1rfWd9Zja2T9aD21Dqxj67XlWsL60/rL+rv3 sLfdG/Z26r8yPnig/9P4xmo9vZ//BT0oqo0=</latexit>
P
<latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit>
P
<latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit>
P
<latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit><latexit sha1_base64="rpf22hQfAcUBpWhyo3shonAjj0E=">AAARgHiclZhfb9s2EMDV7l+X/Yu3x70 QMwKkQOHZybANe2rSGksQt8uWNkljuQElUTYRSvJESomr6kvsdfti+zY7SlQc8VRsE2CbvN/dkbw7UoS9peBSDYd/37v/3vsffPjRg483Pvn0s8+/2Ox9eSqTLPXZSz8RSXruUckEj9lLxZVg58uU0cgT7My7eqL5Wc5Sy ZP4hVot2Syi85iH3KcKROeF61NBjsvLzf5wMKweghsj0+g75jm+7G16bpD4WcRi5Qsq5XQ0XKpZQVPFfcHKDTeTbEn9KzpnU2jGNGJyVlQTLskWSAISJil8YkUq6V2LgkZSriIPNCOqFtJmWtjFppkKf5wVPF5misV+PV CYCaISoldPAp4yX4kVNKifcpgr8Rc0pb6CGG1suDG71jMqXM9LaBqURSS9aDQkEsLEAheCJxVbLqgIYYUBC12ItSjcyEtuGhvyW2kYrABmaNGThlbdsUXHLXpo0cMWvbDoRUPnUQYoM71j3RNQEQEtNza2SLQifiZVEhGg POa6DiQZDAaE5ZDMjAoID8SPqAWTjPAYYkeJDnGqGJFqJRgJuWBgAd5oOo94TGgcVE16U8XQT2DlcVC4NS4L4upcJcui+k2jwoCSlNiA3rzDAIA22CLsZglphBLKqchY28P4tCxMcEubyHI6mjXUFSxU0/7ITfl8oWba7 9HkERnDZ2+y1zY9mpS3M4F2adNlOd2Z3dWonG+Dc/3rvu3v1KMM6p+H9szuuB8j92PL/fj/uoflrP3rDubtEbTOvw6xRRRsHCv6Kl2PBG2tFTDYXJBsGqu2LgCPpnVK9CBvm1y81WZxkkZtfS1Za7u36m6l/xwoFW2LWlY trT7pnt8u61GzIDtYtU1eTnexkRvxIBAMgvGov3snEPtM0bYXLXlqBq7DQfY7xwZrzoO2seQRyMqqcQnfcFItlfmu9p+melw/yWnKaWxnAeTrNOiOtUapgjXXHYtHjMZrhapna3hhnQqt44VFf2RrwAk7X/uoeraGpdKl k3iyNGn4xWbLIKirNoQ6hK5+94AeTOVOZwdZVWa7ttnrHduQrNu7thN1O7b6t8HbhtxstKqCBY3nkE0oiGq4upjTSmjbQZ7XkdIda0KhSJJmK1VtnRE3rcVW6pKA3Umu7uky3CILwCvYd6q6G7SNUhay3+NqgG3d0e4f2p PUDXiF1Kcs1KeGgsVztYDhVtdIklszY1ANbDAf2C8FDvPlA6bl9gkyT5leDItlljK9pOK16/PUt+OT07Iq2oIi4hniIcIMYYjcGHKDSGhIiMjcEFTj+cqQFSLXhlwjcmXIFSJvDHmDSGRIhIgyRCEiDZGIZIZkiOSGoHM nT+Impui8yN+wNDFwiNMn4NZVvdhFoG+GCdy6ahkKM4WWpVnL0KIXcEhbmrUMFQLS69LysJrXpWcuY21NI0Qpyyy9CIf7hM/RimuZrbnklhoILJ2fdajC9flQC9Dxv2cyhe4S0b4h+4g8MeQJIk8NeYrI2JAxIueGnCNyZ sgZIqeGnCJyZMgRIq8MeYXIiSEniBwYcoDIsSHHiBwacojIM0OeITIxBF0Zo/9cE9GkqxonndUYvejYMS+6doxq9pbiImDv2FaqpdKlkLc08i6Vi1t+gVi1eYwx3jdKmhgZDdkVHpXfdZJ3eKnO24ajM1fdZqKZR2cW4K XL9T0nZnOCtiRcfi6aSxBaJAgPGojKDYSLBi464KsGouIG4VkD0T4C4aSBqPRA+KyBqGJBuNdAfXRY7/P65vC6gDvyQ6CXm/2R/R8EbpzuDEbDwejX7/qPvw+rx3ngfO1842w7I+cH57Fz4Bw7Lx3fEc4fzp/OX737ve3e t71R/VfG/XvmP42vnNbT++kfV1Kp1A==</latexit>
Fig. 1. Two variants of the main pipeline for unsynchronized multi-
view prediction tasks: (top) scene-level synchronization is performed after
the projection on the scene-level feature representations; (bottom) camera-
level synchronization is performed on the camera-view feature maps before
projection.
the crowd at an event; 3) performing 3D reconstruction of
a dynamic scene using video from a drone. Thus, handling
unsynchronized multi-cameras is an important issue in the
adoption and practical usage of multi-view computer vision.
There are several possible methods to fix the problem of
unsynchronized cameras. The first method is using hardware-
based solutions to synchronize the capture times, such as
improving network bandwidth, or by using a central clock
to synchronize capture of all cameras in the multi-camera
network. However, this will increase the cost and overhead
of the system, and is not possible when there is limited
bandwidth. The second method is to capture image sequences
from each camera, and then synchronize the images after-
wards by determining the frame offset between cameras. The
fineness of the synchronization depends on the frame rate
of the image sequences. However, acquiring high frame-rate
image sequences is not always possible from multi-camera
systems, especially when the bandwidth and storage space are
limited (e.g., in practical applications under limited bandwidth
only one frame can be sent every 5s). The final method is
to modify the multi-view model to handle unsynchronized
images, such as introducing new assumptions or relaxing the
original constraints under the unsynchronized setting. Existing
approaches for handling unsynchronized multi-cameras are
largely based on optimization frameworks [8], [9], but are
not directly applicable to DNNs-based multi-view methods,
which have seen recent successes in tracking [5], [6], 3D pose
estimation [2], and crowd counting [7], [10].
In this paper, we consider the regime of low-fps multi-
view camera systems – we only assume that a single relevant
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Fig. 2. A general multi-view pipeline consists of several stages: camera-view feature extraction, feature projection, multi-view feature fusion to obtain a
scene-level representation, and prediction. (a) Scene-level synchronization performs the synchronization after the projection. The unsynchronized projected
features from the reference view and other views are concatenated to predict the motion flow, which is then used to warp the other views’ projected features to
match those of the reference view. (b) Camera-level synchronization performs the synchronization before the projection. The unsynchronized camera-view
features from the reference view and other views are matched together to predict the motion flow, which is used to warp features from other camera views
to the reference view.
image is captured from each camera, and thus the input is
a set of unsynchronized multi-camera images. We propose a
synchronization model that operates in conjunction with exist-
ing DNN-based multi-view models to allow them to work on
unsynchronized data. Our proposed model first synchronizes
other views to a reference view using a differentiable module,
and then the synchronized multi-views features are fused and
decoded to obtain the task-oriented output. We consider two
variants of our model that perform synchronization at different
stages in the pipeline (see Fig. 2): 1) scene-level synchroniza-
tion performs the synchronization after projecting the camera
features to their 3D scene representation; 2) camera-level
synchronization performs the synchronization between camera
views first, and then projects the synchronized 2D feature maps
to their 3D representations. In both cases, motion flow between
the cameras’ feature maps are estimated and then used to warp
the feature maps to align with the reference view (either at
the scene-level or the camera-level). With both variants, the
view synchronization and the multi-view fusion are unified in
the same framework and trained in an end-to-end fashion. In
this way, the original DNN-based multi-view model can be
adapted to work in the unsynchronized setting by adding the
view synchronization module, thus avoiding the need to design
a new model. Furthermore, the synchronization module only
relies on content-based image matching and camera geometry,
and thus is widely applicable to many DNNs-based multi-view
tasks, such as crowd counting, tracking, 3D pose estimation,
and 3D reconstruction.
In summary, the contributions of this paper are 3-fold:
• We propose an end-to-end trainable framework to han-
dle the issue of unsynchronized multi-camera images in
DNNs-based multi-camera vision tasks. To the best of our
knowledge, this is the first study on DNNs-based single-
frame synchronization of multi-view cameras.
• We propose two synchronization modules, scene-level
synchronization and camera-view level synchronization,
which are based on image-based content matching that
is guided by epipolar geometry. The synchronization
modules can be applied to many different DNNs-based
multi-view tasks.
• We conduct experiments on multi-view counting and 3D
pose estimation from unsynchronized images, demon-
strating the efficacy of our approach.
II. RELATED WORK
In this section, we review methods on synchronized multi-
view images and unsynchronized multi-view videos, as well
as traditional multi-view video synchronization methods. We
then review DNN-based image matching and flow estimation.
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A. DNN-based synchronized multi-camera tasks
Multi-camera surveillance based on DNNs has been an
active research area. By utilizing multi-view cues and the
strong mapping power of DNNs, many DNNs models have
been proposed to solve multi-view surveillance tasks, such
as multi-view tracking and detection [5], [6], crowd counting
[7], 3D reconstruction [3], [4], [11], [12] and 3D human pose
estimation [2], [13], [14], [15], [16]. The DNN pipelines used
for these multi-camera tasks can be generally divided into
three stages: the single-view feature extraction stage, the multi-
view fusion stage to obtain a scene-level representation, and
prediction stage. Furthermore, all these DNN-based methods
assume that the input multi-views are synchronized, which is
not always possible in real multi-camera surveillance systems,
or in multi-view data from disparate sources (e.g., crowd
sourced images). Therefore, relaxing the synchronization as-
sumption can allow more practical applications of multi-
camera vision tasks in real world.
B. Tasks on unsynchronized multi-camera video
Only a few works have considered computer vision tasks
on unsynchronized multi-camera video. [8] posed the esti-
mation of 3D structure observed by multiple unsynchronized
video cameras as the problem of dictionary learning. [9]
proposed a multi-camera motion segmentation method using
unsynchronized videos by combining shape and dynamical
information. [17] proposed a method of estimating 3D human
pose from multi-view videos captured by unsynchronized and
uncalibrated cameras by utilizing the projections of joint as
the corresponding points. [18] presented a method for simul-
taneously estimating camera geometry and time shift from
video sequences from multiple unsynchronized cameras using
minimal correspondence sets. [19] addressed the problem of
aligning unsynchronized camera views by low and/or variable
frame rates using the intersections of corresponding object
trajectories to match views. Note that all these methods assume
that videos or image sequences are available to perform
the synchronization. In contrast, our framework, which is
motivated by practical low-fps systems, is solving a harder
problem, where only a single image is available from each
camera view, i.e., there is no temporal information available.
Furthermore, these methods pose frame synchronization as
optimization problems that are applicable only to the particular
multi-view task, and cannot be directly applied to DNN-based
multi-view models. In contrast, we propose a synchronization
module that can be broadly applied to many DNN-based multi-
camera models, enabling their use with unsynchronized inputs.
C. Traditional methods for multi-view video synchronization
Traditional synchronization methods usually serve as a
preprocessing step for multi-camera surveillance tasks. Ex-
cept audio-based synchronization like [20], most traditional
camera synchronization methods rely on videos or im-
age sequences and hand-crafted features for camera align-
ment/synchronization [21], [22], [23], [24], [25]. Typical ap-
proaches recover the temporal offset by matching features
extracted from the videos, e.g., space-time feature trajectories
[26], [27], [28], image features [29], low-level temporal signals
based on fundamental matrices [30], silhouette motion [31],
and relative object motion [32]. The accuracy of feature match-
ing is improved using epipolar geometry [29], [31] and rank
constraints [27]. [26] proposed to use the space-time feature
trajectories matching instead of feature-points matching to
reduce the search space. [29] utilized image feature correspon-
dences and epipolar geometry to find the corresponding frame
indices and computes the relative frame rate and offset by
fitting a 2D line to the index correspondences. [28] estimated
the frame accurate offset by analysing the trajectories and
matching their characteristic time patterns. [30] presented a
method for online synchronization that relied on the video
sequences with known fundamental matrix to compute low
level temporal signals for matching. [27] proposed the rank
constraint of corresponding points in two views to measure
the similarity between trajectories to avoid the noise sensitivity
of the fundamental matrix. [31] proposed a RANSAC-based
algorithm that computed the epipolar geometry and synchro-
nization of a pair of cameras from the motion of silhouettes in
videos. [32] synchronized two independently moving cameras
via the relative motion between objects and known camera
intrinsic.
The main disadvantages for these traditional camera syn-
chronization methods are: 1) videos and image-sequences are
required, which might not be available in practical multi-
camera systems with limited network bandwidth and storage;
2) a fixed frame rate of the multi-cameras are usually assumed,
which means random frame dropping cannot be handled
(except [30]); 3) feature matching is based on hand-crafted
features, which lack representation ability, or known image
correspondences, which requires extra manual annotations and
may not always be available. Compared with these methods,
we consider a more practical and difficult setting: only single-
frames and no videos (no temporal information) are available,
which means that these traditional video-based methods are
not suitable solutions. These traditional methods perform
image content matching using hand-crafted features and tra-
ditional matching algorithms, while in contrast our method
uses DNN-based image matching. Because we also assume
that only single-frames are available, our method also requires
DNN-based motion estimation to estimate a frame’s features
after synchronization. Finally, our synchronization module is
end-to-end trainable with existing multi-view DNNs.
D. DNN-based image matching and flow estimation
Image matching and optical flow estimation both involve
estimating image-to-image correspondences, which is related
to frame synchronization of multi-views. We mainly review
the DNN-based image matching [33], [34], [35] or optical flow
estimation methods [36], [37], [38], which inspire us to solve
the unsynchronized multi-camera based problems in a DNN-
based fashion. DNN flow [39] proposed an image matching
method based on a DNN feature pyramid in a coarse-to-
fine optimization manner. FlowNet [40] predicted the optical
flow from DNNs with feature concatenation and correlation.
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SpyNet [41] combined a classical spatial-pyramid formulation
with deep learning and estimated large motions in a coarse-
to-fine approach by warping one image to the other at each
pyramid level by the current flow estimate and computing
an update to the flow. [33] addressed image correspondence
problem using a convolutional neural network architecture that
mimics classic image matching algorithms. PWC-Net [42]
uses a feature pyramid instead of the image pyramid and one
image feature map is warped to the other at each scale, which
is guided by the upsampled optical flow estimated from the
previous scale. [43] proposed a single network to jointly learn
spatiotemporal correspondence for stereo matching and flow
estimation.
Our method is related to the DNN-based image matching
and optical flow estimation, but the difference is still signifi-
cant: 1) typical image/geometric matching only involves either
a camera view angle transformation (e.g., camera relative
pose estimation, stereo matching) or a small time change in
the same view (optical flow estimation), while both factors
appear in our problem, which makes our problem harder;
2) image/geometric matching is directly supervised by the
correspondence of two images, while the multi-view fusion
ground-truth in the 3D world is used as supervisory signal in
our problem; 3) The 2D-to-3D projection causes ambiguity
for multi-view feature fusion, which also causes difficulties
for view synchronization.
III. SINGLE-FRAME DNNS MULTI-CAMERA
SYNCHRONIZATION
In this section we propose our single-frame synchronization
model for DNN-based multi-view models. We assume the
input is one set of multi-view images (one image from each
camera) that are unsynchronized. The temporal offset between
cameras can either be constant latency for each camera (the
same offset over time), or random latency (random offsets over
time). Similar to most multi-view methods [6], [10], [12], [2],
we assume that the camera is static and the cameras’ intrinsic
and extrinsic parameters are known. The main idea of our
method is to choose a camera view as the reference view, and
then use the view synchronization model to warp the other
camera views to be synchronized with the reference view. The
synchronization model should be general enough to handle
both constant and random latencies between cameras, in order
to work under various conditions causing de-synchronization.
DNNs models for the multi-camera surveillance tasks typi-
cally consist of 3 stages: single-view feature extraction, multi-
view fusion of projected features, and prediction. Our view
synchronization model can be embedded into one of the first
two stages, without the need to redesign a new architecture.
Thus, we propose two variants of the synchronization model:
1) scene-level synchronization, where the projected features
from different camera views are synchronized during multi-
camera feature fusion; and 2) camera-level synchronization,
where the camera view features are synchronized before
projection and fusion. We present the details of the two
synchronization models next. Note that we first consider the
case when both synchronized and unsynchronized multi-view
images are available for training (but not available in the
testing stage). We then extend this to the case when only
unsynchronized training images are available.
A. Scene-level synchronization
Scene-level synchronization works by synchronizing the
multi-camera features after the projection stage in the multi-
view pipeline. The pipeline for scene-level synchronization is
shown in the Fig. 2 (a).
Synchronization module: Without loss in generality, we
choose one view (denoted as view 0) as the reference view,
and other views are to be synchronized to this reference view.
We assume that synchronized frame pairs are available in
the training stage. The frames are It00 from reference view
0 captured at reference time t0, and It0i and I
ti
i from view
i (i ∈ {1, 2, .., n − 1} where n is the number of camera
views) taken at times t0 and ti. Note that frames (It00 , I
t0
i )
are synchronized, while (It00 , I
ti
i ) are not.
The synchronization module consists of the following
stages. First, camera frame feature maps (F t00 , F
t0
i , F
ti
i ) (both
synced and unsynced frames) are extracted and projected
to the 3D world space, resulting in the projected feature
maps (F t00 ,F t0i ,F tii ). Second, synchronization is performed
between the reference view 0 and each other view i. The
projected feature map F t00 from the reference view is con-
catenated with the projected feature map F tii from view i,
and then fed into a motion flow estimation network to predict
the scene-level motion flow wi between view i at time ti
and the reference view at time t0. The F tii from view i
is then synchronized with the reference view (at time t0)
using a warping transformationW guided by wi,W(wi,F tii ).
Finally, the reference view features F t00 and all other views’
warped features W(wi,F tii ) are fused and decoded to obtain
the final scene-level prediction Vp. In the testing stage, only
unsynchronized frames (It00 , I
ti
i ) are available and the forward
operations related to frame It0i are removed from the network.
Training loss: Two losses are used in the training stage.
The first loss is a task-specific loss `p between the scene-level
prediction Vp and the ground-truth Vgt. For example, for multi-
view crowd counting `p is the mean-square error, and Vp, Vgt
are the predicted and ground-truth scene-level density maps.
The second loss is on the multi-view feature synchronization
in the multi-view fusion stage. Since the synced frame pairs
are available during training, the feature warping loss `W
encourages the warped features to be similar to the features
of the original synced frame of view i,
`W(wi,F t0i ,F tii ) = mse(F t0i ,W(wi,F tii )), (1)
where mse is the mean-square error loss. Finally, the training
loss combines the task loss and the warping loss summed over
all non-reference views,
` = `p(Vp, Vgt) + γ
n−1∑
i=1
`W(wi,F t0i ,F tii ), (2)
where γ is a hyperparameter.
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Fig. 3. Epipolar-guided weights. (a) In the synchronized setting, given the
point (x, y) in view 0, the matched point (x′, y′) in view i must be on the
epipolar line lxy . (b) In the unsynchronized setting, we assume a Gaussian
motion model of the matched feature location from time t0 to ti. (c) An
epipolar-guided weight mask is use to bias the feature matching towards high-
probability regions according to the motion model.
B. Camera view-level synchronization
Due to the ambiguity of the image pixels’ height in 3D space
in the projection operation, the projected features from differ-
ent views could be difficult to synchronize. Therefore, we also
consider synchronization between camera view features before
the projection. The pipeline for camera-level synchronization
is presented in Fig. 2 (b).
Synchronization model: The view synchronization model
is applied to each view separately. The camera view features
(F t00 , F
ti
i ) from the unsynchronized reference view and view
i are first passed through a matching module (see below)
and then fed into the motion flow estimation network to
predict the camera-view motion flow wi for view i. The
warping transformation W guided by wi then warps the
camera-view features F tii from view i to be synchronized with
the reference view at time t0, via W (wi, F tii ). Finally, the
reference and warped camera views are projected and decoded
to obtain the scene-level prediction Vp. In the testing stage,
only unsynchronized frames (It00 , I
ti
i ) are available and the
forward operations related to frame It0i are removed from the
network.
Matching module: We propose 3 methods to match fea-
tures to predict the view-level motion flow. The first method
concatenates the features (F t00 , F
ti
i ) and then feeds them into
the motion flow estimation network. The second method builds
a correlation map Ci((x, y), (x′, y′)) = F t00 (x, y)
TF tii (x
′, y′)
between features from each pair of spatial locations in F t00 and
F tii , which is then fed into the motion flow estimation network.
The third method incorporates camera geometry information
into the correlation map to suppress false matches. If both
cameras are synchronized at t0, then according the multi-
view geometry, each spatial location in view 0 must match a
location in view i on its corresponding epipolar line (Fig. 3a).
Thus in the synchronized setting, detected matches that are
not on the epipolar line can be rejected as false matches.
For our unsynchronized setting, the matched location in view
i remains on the epipolar line only when its corresponding
feature/object does not move between times t0 and ti. To
handle the case where the feature moves, we assume that a
matched feature in view i moves according to a Gaussian
motion model with standard deviation σ (Fig. 3b). With the
epipolar line and motion model, we then build a weighting
mask, with high weights on locations with high probability of
containing the matched features, and vice versa. Specifically,
we set the mask Mi((x, y), (x′, y′)) = 1 if (x′, y′) is on the
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Motion flow
Fig. 4. Multi-scale estimation of motion flow.
epipolar line induced by (x, y), and 0 otherwise, and then
convolve it with a 2D Gaussian with standard deviation σ
(Fig. 3c). We then apply the weight mask Mi on the correlation
map C˜i = Mi  Ci, which will suppress false matches that
are not consistent with the scene and motion model.
Multi-scale architecture: Multi-scale feature extractors are
used in multi-camera tasks like crowd counting [7]. Therefore,
we next show how to incorporate multi-scale feature extractors
with our camera-level synchronization model.1 Instead of
performing the view synchronization in each scale separately,
the motion flow estimate of neighbor scales is fused to refine
the current scale’s estimate (see Fig. 4). In particular, let there
be m scales in the multi-scale architecture and j denotes one
scale in the scale range {1, 2, ...,m}, with m the largest scale.
When j = 1 (the smallest scale), the correlation map C(1)i of
scale 1 is fed into the motion flow estimation net to predict the
motion flow w(1)i for scale 1. For scales j > 1, first the dif-
ference between the correlation map C(j)i and the upsampled
correlation map of the previous scale up(C(j−1)i ) is fed into
the motion flow estimation net to predict the residual of the
motion flow between two scales, denoted as w˜(j)i . The refined
motion flow of scale j is then w(j)i = up(w
(j−1)
i ) + w˜
(j)
i .
Training loss: Similar to scene-level synchronization, a
combination of two losses (scene-level prediction and feature
synchronization) is used in the training stage. The scene-level
prediction loss is the same as before. The feature synchroniza-
tion loss encourages the warped camera-view features at each
scale to match the features of the original synced frame,
`W = mse(F
t0,(j)
i ,W (w
(j)
i , F
ti,(j)
i )). (3)
Finally, the training loss is the combination of the prediction
loss and the synchronization loss summed over all non-
reference views and scales,
` = `p(Vp, Vgt) + γ
n−1∑
i=1
m∑
j=1
`W (w
(j)
i ,F t0,(j)i ,F ti,(j)i ), (4)
where γ is a hyperparameter.
C. Training with only unsynchronized frames
In the previous models, we assume that both synchronized
and unsynchronized multi-camera frames are available during
1No extra steps are needed to incorporate multi-scale features with scene-
level synchronization because the synchronization occurs after the feature
projection.
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Layer Filter
conv 1 128×n×5×5
conv 2 128×128×5×5
conv 3 64×128×5×5
conv 4 64×64×5×5
conv 5 32×64×5×5
conv 6 2×32×5×5
TABLE I
THE LAYER SETTINGS FOR THE MOTION ESTIMATION NET IN THE VIEW
SYNCHRONIZATION MODULE. THE FILTER DIMENSIONS ARE OUTPUT
CHANNELS, INPUT CHANNELS AND FILTER SIZE w0×h0.
training. For more practical applications, we also consider
the case when only unsynchronized multi-view frames are
available for training. In this case, for the scene-level syn-
chronization, the warping feature loss `W is replaced with a
similarity loss `s on the projected features, to indirectly en-
courage synchronization of the projected multi-view features,
`s = mean(1− cos(F t00 ,W(wi,F tii )) (5)
where “cos” is the cosine similarity between feature maps
(along the channel dimension), and “mean” is the mean over
all spatial locations. Similarly, for camera-level synchroniza-
tion, the warping feature loss `W is replaced by the similarity
loss of the projected features `s.
IV. EXPERIMENTS
We validate the effectiveness of the proposed model on two
unsynchronized multi-view tasks: multi-view crowd counting
and multi-view 3d human pose estimation.
A. Implementation details
The synchronization model consists of two parts: motion
estimation network and feature warping layer. The input of the
motion estimation network is the unsynchronized multi-view
features (the concatenation of the projected features) for scene-
level synchronization or the matching result of the 2D camera-
view features for camera-level synchronization, and the output
is a 2-channel motion flow. The layer setting of the motion
estimation network is shown in Table I. The feature warping
layer warps the features from other views to align with the
reference views, guided by the estimated motion flow. The
feature warping layer is based on the image resampler from
the Spatial Transformation layer in [44].
B. Experiment setup
We test four versions of our synchronization model: scene-
level synchronization (denoted as SLS), and camera-level
synchronization using concatenation, correlation, or correla-
tion with epipolar-guided weights (denoted as CLS-cat, CLS-
cor, CLS-epi) for the matching function. The synchronization
models are trained with the multi-view DNNs (introduced in
each application later). We consider two training scenarios:
1) both synced and unsynchronized training data is available;
2) only unsynchronized training data is available (the more
difficult setting). For the first training scenario, we compare
against two baseline methods: BaseS trains the DNN only
on synchronized data; BaseSU fine-tunes the BaseS model
using the unsynchronized training data (using the full training
set). For the second training scenario, BaseU trains the DNN
directly from the unsynchronized data. Note that traditional
synchronization methods [21], [22], [23], [24], [25] are based
on videos (temporal information) and assume high-fps cameras
with fixed frame rates, which are unavailable in our prob-
lem setting. Thus, traditional and video-based synchronization
methods are not suitable for comparison.
To test the proposed method, we first create an unsyn-
chonized multi-view dataset from the existing multi-view
datasets (the specific datasets are introduced in each appli-
cation later). In particular, suppose the frame sequence in the
reference view is captured at times t0 +k∆t, where ∆t is the
time offset between neighbor frames, k ∈ {0, · · · , N−1} and
N is the number of frames. For view i, the unsynchronized
frames are captured at times t0 +k∆t+ δi,k, where δi,k is the
desynchronization time offset between view i and the reference
view. We consider two settings of the desynchronization offset.
The first is a constant latency for each view, δi,k = τi, for
some constant value τi. The second is random latency, where
the offset for each frame and view is randomly sampled from
a uniform distribution, δi,k ∼ U(−κi, κi). Finally, since the
synchronization is with the reference view, the ground-truth
labels for the multi-view task correspond to the times of the
reference view, t0 + k∆t.
C. Unsynchronized multi-view counting
We apply our synchronization model to unsynchronized
multi-view counting. Here we adopt the multi-view multi-scale
fusion model (MVMS) from [7], which is the state-of-the-art
model for multi-view counting DNNs.
Datasets and metric. Two multi-view counting datasets
used in [7], PETS2009 [45] and CityStreet [7], are selected
and desynchronized for the experiments. PETS2009 contains
3 views (camera 1, 2 and 3), and the first camera view is
chosen as the reference view. The input image resolution
(w×h) is 384×288 and the ground-truth scene-level density
map resolution is 152×177. There are 825 multi-view frames
for training and 514 frames for testing. The frame rate of
PETS2009 is 7 fps (∆t = 1/7s). For constant frame latency,
τi ∈ {5s,−5s} is used for cameras 2 and 3, and κi = 5s
for random latency. CityStreet proposed in [7] consists of 3
views (camera 1, 3 and 4), and camera 1 is chosen as the
reference view. The input image resolution is 676×380 and
the ground-truth density map resolution is 160×192. There are
500 multi-view frames, and the first 300 are used for training
and the remaining 200 for testing. The frame rate of CityStreet
is 1 fps (∆t = 1s)2. For constant latency, τi ∈ {3s,−3s} for
cameras 3 and 4, and κi = 3s for random latency. Following
[7], the mean absolute error (MAE) and normalized absolute
error (NAE) of the predicted counts on the test set are used
as the evaluation metric.
Results for training with synchronized and unsynchro-
nized frames. The experiment results using training with
synchronized and unsynchronized frames are shown in Table
2We obtained the higher fps version from the dataset authors.
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Camera 1
Camera 2 Camera 3
GT BaseS BaseSU SLS CLS-cat CLS-cor CLS-epi
Camera 1
Camera 3 Camera 4 GT BaseU SLS CLS-cat CLS-cor CLS-epi
Fig. 5. Examples of unsynchronized multi-view crowd counting on PETS2009 (constant latency and training with synchronized and unsynchronized frames)
and CityStreet (random latency and training with unsynchronized frames and similarity loss).
PETS2009 CityStreet
constant random constant random
loss model MAE NAE MAE NAE MAE NAE MAE NAE
`p
BaseS 7.21 0.200 4.58 0.139 9.07 0.108 8.86 0.107
BaseSU 4.36 0.137 4.30 0.140 9.02 0.106 8.82 0.108
`p, `W
SLS 4.49 0.145 4.91 0.154 8.23 0.102 8.02 0.101
CLS-cat 4.18 0.130 4.85 0.150 8.82 0.111 8.57 0.108
CLS-cor 4.13 0.135 4.03 0.128 8.03 0.099 7.99 0.098
CLS-epi 3.95 0.130 4.09 0.129 8.05 0.100 7.93 0.096
TABLE II
UNSYNCHRONIZED MULTI-VIEW COUNTING: EXPERIMENT RESULTS FOR TRAINING SET WITH BOTH SYNCHRONIZED AND UNSYNCHRONIZED FRAMES.
TWO DESYNCHRONIZATION SETTINGS ARE TESTED: CONSTANT LATENCY AND RANDOM LATENCY. THE EVALUATION METRIC IS MAE AND NAE.
PETS2009 CityStreet
constant random constant random
loss model MAE NAE MAE NAE MAE NAE MAE NAE
`p BaseU 6.18 0.187 6.22 0.192 10.22 0.134 9.35 0.121
`p, `s
SLS 5.37 0.178 4.82 0.150 8.50 0.105 8.33 0.100
CLS-cat 6.00 0.186 6.08 0.189 8.48 0.102 9.17 0.110
CLS-cor 4.18 0.136 4.34 0.136 8.02 0.098 7.77 0.093
CLS-epi 4.25 0.135 4.77 0.144 8.04 0.095 7.70 0.094
`p
SLS 7.13 0.226 5.30 0.162 8.77 0.107 8.45 0.107
CLS-cat 6.30 0.194 5.98 0.184 8.28 0.098 9.15 0.108
CLS-cor 4.25 0.138 4.49 0.141 8.20 0.099 8.10 0.102
CLS-epi 4.27 0.135 4.53 0.143 8.16 0.097 7.86 0.096
TABLE III
UNSYNCHRONIZED MULTI-VIEW COUNTING: EXPERIMENT RESULTS FOR TRAINING SET WITH ONLY UNSYNCHRONIZED FRAMES, UNDER CONSTANT
AND RANDOM LATENCY.
II. The hyperparameter γ = 1 is used for feature warping loss.
On both datasets, our camera-level synchronization methods,
CLS-cor and CLS-epi, perform better than other methods,
including the baselines, demonstrating the efficicacy of our
approach. Scene-level synchronization (SLS) performs worse
than camera-level synchronization methods (CLS), due to
the ambiguity of the projected features from multi-views.
Furthermore after projection to the ground-plane, the crowd
movement between frames It0i and I
ti
i on the ground-plane
is less salient due to the low resolution of the ground-plane
feature map. CLS-cat performs worse among the CLS methods
because simple concatenation of features cannot capture the
image correspondence between different views to estimate the
motion flow. Finally, the two baselines (BaseS and BaseSU)
perform badly on CityStreet because of the larger scene with
larger crowd movement between neighboring frames (due to
lower frame rate).
Results for training with only unsynchronized
frames. The experiment results by training with only
unsynchronized frames (which is a more practical real-world
case) are shown in Table III. Since the synchronized frames
are not available, the MVMS model weights are trained
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Latency BaseS BaseU CLS-cor(0) CLS-cor CLS-epi
8/50s 62.8/59.2 26.5/27.8 25.8/26.9 25.8/27.0 25.7/26.8
32/50s 78.6/78.2 49.9/50.1 36.5/36.7 38.2/38.7 37.6/37.8
64/50s 450.0/449.2 69.4/69.2 56.6/56.9 46.8/47.1 45.7/45.6
TABLE IV
UNSYNCHRONIZED 3D HUMAN POSE ESTIMATION: EXPERIMENT RESULTS
WITH RANDOM LATENCY. FOR ‘CLS-COR’ AND ‘CLS-EPI’, THE
CONSISTENCY LOSS HYPERPARAMETER γ = 0.01. THE EVALUATION
METRIC IS MPJPE AND ABSOLUTE POSITION MPJPE (LEFT/RIGHT).
Pose BaseS BaseU CLS-cor(γ = 0) CLS-cor CLS-epi
Dir. 42.8 29.3 26.1 25.8 26.1
Dis. 60.7 28.4 27.3 26.7 27.0
Eat. 60.7 26.4 23.9 24.0 23.4
Greet 63.8 19.7 25.3 24.3 25.1
Phone 52.2 25.7 24.7 24.5 24.4
Pose 49.7 22.0 24.1 24.0 24.0
Purch. 67.5 24.4 28.7 27.4 28.8
Sit 33.2 22.6 23.8 24.0 24.0
SitD. 37.4 25.7 25.9 26.8 27.2
Smoke 42.2 25.7 24.8 24.3 24.4
Photo 59.9 24.3 28.2 27.9 27.2
Wait 44.3 19.5 23.2 23.8 24.2
Walk 161.1 31.9 27.0 30.2 27.8
WalkD. 91.5 34.2 30.1 30.1 29.8
WalkT. 126.8 33.9 25.5 26.8 25.5
Average 62.8 26.5 25.8 25.8 25.7
TABLE V
DETAILED PERFORMANCE FOR UNSYNCHRONIZED 3D HUMAN POSE
ESTIMATION WITH RANDOM LATENCY κi = 8/50s. THE EVALUATION
METRIC IS MPJPE.
from scratch using only unsynchronized data. Our models
are trained with the similarity loss `s (with hyperparameter
γ = 1000), which encourages alignment of the projected
multi-view features. Generally, without the synchronized
frames in the training stage, the counting error increases
for each method. Nonetheless, the proposed camera-level
synchronization models CLS-cor and CLS-epi performs
much better than the baseline BaseU. CLS-cor and CLS-epi
trained on only unsynchronized data also performs better
(on CityStreet) or on par with (on PETS2009) the baseline
BaseSU, which uses both synchronized and unsynchronized
training data. These two results demonstrate the efficacy
of our synchronization model when only unsynchronized
training data is available. Finally, the error for almost all
synchronization models increases on both datasets when
training without the similarity loss (`p in Table III). This
demonstrates the effectiveness of using `s to align the
multi-view features in training. Example results are shown in
Fig. 5.
D. Unsynchronized 3D pose estimation
We next apply our synchronization model to the unsyn-
chronized 3D pose estimation task. The DNNs model for the
3D pose estimation task is adopted from [2], which proposed
two learnable triangulation methods for multi-view 3D human
pose from multiple 2D views: algebraic triangulation and
volumetric aggregation. Here we use volumetric aggregation
(softmax aggregation) as the multi-view fusion DNN in the
experiments.
Pose BaseS BaseU CLS-cor(γ = 0) CLS-cor CLS-epi
Dir. 46.2 48.7 42.9 42.5 43.9
Dis. 75.6 53.6 38.9 41.0 41.6
Eat. 64.5 39.1 32.5 32.7 30.8
Greet 71.5 48.5 35.7 38.1 36.8
Phone 64.5 43.6 33.9 35.2 35.1
Pose 49.3 42.1 32.7 33.3 30.8
Purch. 111.5 50.9 35.9 42.4 40.4
Sit 55.2 46.0 33.6 33.8 34.7
SitD. 108.3 79.3 36.8 41.8 42.8
Smoke 54.5 44.3 35.5 35.9 35.7
Photo 87.9 57.0 39.3 43.0 41.3
Wait 64.3 45.6 35.5 33.7 35.0
Walk 150.6 47.6 34.2 37.1 34.2
WalkD. 123.1 66.2 44.5 49.2 49.1
WalkT. 125.5 50.3 36.9 38.5 34.9
Average 78.6 49.9 36.5 38.2 37.6
TABLE VI
DETAILED PERFORMANCE FOR UNSYNCHRONIZED 3D HUMAN POSE
ESTIMATION WITH RANDOM LATENCY κi = 32/50s. THE EVALUATION
METRIC IS MPJPE.
Pose BaseS BaseU CLS-cor(γ = 0) CLS-cor CLS-epi
Dir. 466.8 83.2 70.3 64.8 66.5
Dis. 450.1 72.0 57.3 48.2 48.4
Eat. 454.1 55.3 44.7 40.4 37.9
Greet 476.8 68.0 54.8 46.9 46.3
Phone 437.0 58.8 49.2 40.7 40.5
Pose 461.7 53.5 42.1 36.6 36.3
Purch. 468.2 69.0 58.1 47.0 50.6
Sit 437.6 64.2 55.2 41.1 39.6
SitD. 427.9 112.3 89.8 54.6 50.6
Smoke 428.8 58.7 49.2 41.7 41.7
Photo 485.3 76.8 64.5 57.7 53.5
Wait 449.2 62.7 51.1 42.0 42.6
Walk 430.7 66.3 49.7 44.0 41.7
WalkD. 456.6 95.9 77.0 62.7 55.5
WalkT. 460.7 67.2 54.5 43.5 42.5
Average 450.0 69.4 56.6 46.8 45.7
TABLE VII
DETAILED PERFORMANCE FOR UNSYNCHRONIZED 3D HUMAN POSE
ESTIMATION WITH RANDOM LATENCY κi = 64/50s. THE EVALUATION
METRIC IS MPJPE.
Datasets and Metrics. We use the Human3.6M [46]
dataset, which consists of 3.6 million frames from 4 syn-
chronized 50 Hz digital cameras along with the 3D pose
annotations. We follow the preprocessing step3 recommended
in [46], and sample one of every 64 frames (∆t = 64/50) for
the testing set, and sample one of every 4 frames (∆t = 4/50)
as the training set. The first camera view is always used as the
reference view (if the first camera view is missing, the second
one is used). We test desynchronization via random frame
latency, with κi = 8/50s, 32/50s and 64/50s. Following
[2], Mean Per Point Position Error (MPJPE) and absolute
position MPJPE are used as the metric for evaluation. In
training, the single-view backbone uses the pretrained weights
from the original 3D pose estimation model. Two baselines
BaseS and BaseU are compared with our proposed camera-
view synchronization models CLS-cor and CLS-epi.
Experiment results. The experiments results are presented
in Table IV. The original 3D pose estimation method (BaseS
3https://github.com/anibali/h36m-fetch. Accessed: Oct. 10, 2019.
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γ 0.005 0.01 0.02
κi = 8/50s 25.6 25.7 26.0
κi = 32/50s 38.3 37.6 37.9
κi = 64/50s 51.7 45.7 46.8
TABLE VIII
UNSYNCHRONIZED 3D HUMAN POSE ESTIMATION: CLS-EPI EXPERIMENT
RESULTS WITH DIFFERENT HYPERPARAMETER γ . THE EVALUATION
METRIC IS MPJPE.
and BaseU) cannot perform well under the unsynchronized test
condition, especially under large latencies (e.g., 64/50s). Our
camera-view synchronization methods performs better than
the baseline methods, with the performance gap increasing
as the latency increases. Using similarity loss `s improves
the performance of our models, and adding epipolar-guided
weights can suppress false matches and further reduces the
error. The detailed performance for each pose type under
different frame latency settings is shown in Table V, Table
VI and Table VII. From the tables, we can find that the
proposed methods can perform better, especially on the poses
with larger movement between unsynchronized frames, e.g.,
Walk, WalkD, and WalkT.
Ablation study on γ for 3D pose estimation. The ablation
study on hyperparameter γ of method CLS-epi for 3D pose
estimation is presented in Table VIII. Generally, it’s observed
from table that γ = 0.01 achieves better performance than
other weights.
Extra visualization results. More visualization results of
unsynchronized 3D pose estimation can be found in Fig. 6 and
Fig. 7, respectively. In Fig. 6, the blue lines are 2D key-jonits
projected from 3D poses (Ground-truth or predictions). The
red boxes (around the person’s chest and neck) indicate the
better performance of the proposed methods compared to other
methods (BaseS is too bad whose predictions’ 2D projections
cannot be connected to form the 2D skeletons). In Fig. 7, both
BaseS and BaseU fail on the example. Note that the frames are
unsynchronized, so the 2D projections for other views (except
the reference view) don’t match with the input image’s poses
in the ground-truth.
V. CONCLUSION AND DISCUSSION
In this paper, we focus on the issue of unsynchronized
cameras in DNNs-based multi-view computer vision tasks.
We propose two view synchronization models based on single
frames (not videos) from each view, scene-level synchro-
nization and camera-level synchronization. The two models
are trained and evaluated under two training settings (with
or without synchronized frame pairs), and a similarity loss
of the projected multi-view features is proposed to boost
the performance when synchronized training pairs are not
available. Furthermore, to show its generality to different
conditions of desynchronization, the proposed models are
tested with desynchronization based on both constant and
random latency. Finally, the proposed models are applied
to unsynchronized multi-view counting and unsynchronized
3D human pose estimation, and achieve better performance
compared to the baseline methods.
In our current model, image content matching is used for
view synchronization, while the 2D-to-3D projection for multi-
view fusion relies on known camera parameters. In future
work, the 2D-3D projection could be replaced with image
matching modules, which can allow the model to handle
unsynchronized and uncalibrated multi-cameras, expanding its
generality.
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Fig. 6. Examples of unsynchronized 3D pose estimation. Blue lines are 2D keyjonits projected from 3D poses. Red boxes indicate the better performance of
the proposed methods.
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Fig. 7. Examples of unsynchronized 3D pose estimation. Both BaseS and BaseU fail on the example.
